Joint hypermobility classes in 9-year-old children from the general population and anxiety symptoms by Ezpeleta, Lourdes et al.
                               Joint hypermobility and anxiety in children  1 
 
 
Running head: JOINT HYPERMOBILITY AND ANXIETY IN CHILDREN 
This is a post-print version of the following article: Ezpeleta, L., Navarro, J. B., de la 
Osa, N., Penelo, E., & Bulbena, A. (2018). Joint hypermobility classes in 9-year-old 
children from the general population and anxiety symptoms. Journal of Developmental 




Joint Hypermobility Classes in 9-year-old Children from the General Population 
and Anxiety Symptoms 
Lourdes Ezpeleta, Ph.D. 1,2 
José Blas Navarro, Ph.D. 1,3 
Núria de la Osa, Ph.D.1,2 
Eva Penelo, Ph.D. 1,3 
Antoni Bulbena, M.D. 4,5 
1 Unitat d’Epidemiologia i de Diagnòstic en Psicopatologia del Desenvolupament 
2 Departament de Psicologia Clínica i de la Salut 
3`Departament de Psicobiologia i Metodologia de les Ciències del Comportament 
4Departament de Psiquiatria i Medicina Legal 
Universitat Autònoma de Barcelona, Barcelona (Spain) 
5 Institut Neuropsiquiatria i Addicions Parc de Salut Mar CIBERSAM, Barcelona, 
Spain 
Funding sources 
This work was supported by the Spanish Ministry of Economy and Competitiveness 
[grant PSI2015-63965-R (MINECO/FEDER)] and the Secretaria d’Universitats i 
Recerca, Departament d’Economia i Coneixement de la Generalitat de Catalunya [grant 
2014 SGR 312]. 
 




Objective: To obtain joint hypermobility classes in children from the general 
population and to study their characteristics in relation to anxiety measures. 
Methods: 336 9-year-old children from the general population were clinically assessed 
through 9 items of hypermobility and their parents reported about the severity of anxiety 
symptoms. Latent class analysis (LCA) was estimated to group the children according 
to the presence of hypermobility symptoms and the obtained classes were related to 
anxiety. 
Results: A 2-class solution, labeled as high hypermobility and low hypermobility, best 
fitted the data. Children in the high hypermobility group presented higher scores in 
separation anxiety, social phobia, physical injury fears and total anxiety scores than 
those in the low group. When applying the threshold reference scores to the total 
anxiety score, a 7.4% of children in the high hypermobility group versus 6% in the low 
group were reported to experience clinical elevations on total anxiety. 
Conclusions: High symptoms of hypermobility are associated with higher scores in 
anxiety symptoms in children from the general population. Children with frequent 
symptoms of hypermobility may benefit from screening for anxiety symptoms because 
a subset of them are experiencing clinical elevations and may be necessary to provide 
them with comprehensive physical and psychological treatment.  
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Joint Hypermobility Classes in 9-year-old Children from the General Population 
and Anxiety Symptoms 
 
 Joint hypermobility syndrome (JHS) is a connective tissue hereditary disorder 
characterized by increased distensibility of the joints in passive movements and 
hypermobility in active movements, which is not explained by other rheumatologic 
disease (1). JHS is quite prevalent in the adult general population (10-20%; female-male 
ratio 3:1), although it is frequently undiagnosed (2). The classification and definition of 
JHS is still under debate. The 2017 International Classification of the Ehlers-Danlos 
Syndromes (EDS) (3) includes the category Hypermobile EDS (hEDS) for unresolved 
forms of EDS III and hypermobility, and defines Generalized Joint Hypermobility 
(GJH) as one of the major criteria together with skin hyperextensibility and atrophic 
scarring, indicating that it should be assessed according to the Beighton score (a score ≥ 
5 is considered positive for GJH). 
In adults, the condition is associated with articular pain, recurrent dislocations, 
scoliosis, fibromyalgia, hernias, ecchymoses, hypertrophic scars, rectal, uterine and 
mitral valve prolapses, pneumothorax, dysautonomia, and thyroid dysfunction (4). 
Glycoprotein deficiency and genetic alterations affecting collagen formation have been 
proposed as the mechanisms that explain the tissue looseness (4). However, JHS has not 
only been associated with physical and somatic symptoms, but also with emotional 
symptomatology. Specifically, individuals with JHS are at an increased risk of anxiety 
disorders. Review studies have reported a high prevalence of anxiety disorders, 
particularly panic disorder (PD) and agoraphobia (A), greater perception of fear and 
greater anxiety symptoms in individuals with JHS in comparison with those without (5-
7). The underlying mechanisms behind this association include genetic risks, increased 
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exteroceptive and interoceptive mechanisms and decreased proprioception (8, 9). Both 
cross-sectional and longitudinal studies have reported this association together with a 
high degree of heritability, pointing towards an underlying genetic mechanism. On the 
other hand, dysautonomia and increased interoceptive perception are shared features of 
both anxiety and JHS), indicating that key neural mechanisms may also be involved 
(10). Neuroimaging studies in young adults have also shown an increased response in 
emotion processing brain areas, which could explain the high affective reactivity seen in 
JHS (10). There is also evidence for atypical regulation of the autonomic nervous 
system (10, 11). New clinical phenotypes have more recently been put forward to 
provide comprehensive models that include different somatic, psychological, cognitive 
and behavioral aspects involved in this multidimensional condition (9).  
Most of the literature about the association between JHS and anxiety focuses on 
adults. JHS, however, is common in childhood and tends to decline with age (12, 13). It 
has been identified in the general population of different cultures with prevalences 
ranging from 7% to 54.1% for ages 3 to 6 (14, 15) and from 5.7% to 39.3% for ages 10 
to 18 (16, 17, 18). These discrepancies in prevalence may be explained, in part, by the 
different methodologies used, such us the lack of consensus regarding the cut-offs used 
to define JHS and the different growth stages of the samples studied, highlighting the 
need for further studies on the definition of JHS in children (18). Like in adults, JHS in 
children has been associated with several physical complications, such as multi-
systemic complaints (19), poor quality of life and disabling fatigue (20). 
Notwithstanding, there are no studies on the concomitant emotional disorders and 
symptoms of JHS in children.  
Anxiety disorders together with behavior disorders are the most prevalent mental 
disorders among children (21). In Western industrialized countries the prevalence of 
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anxiety disorders is similar (lifetime prevalence approximately 15-20%), whereas for 
Asian and African American children it is lower (22).  In Spanish children from the 
general population the prevalence of anxiety disorders is 11.8% (23) and for 6-9 year-
old outpatients it is 13.3% (24). The prevalence of some anxiety disorders, such as 
agoraphobia and panic, generalized anxiety, and obsessive compulsive disorders tends 
to increase with age and development, while the prevalence of others tends to decrease, 
as is the case with separation anxiety and specific phobias (22). Once anxiety disorders 
start, they usually have a recurrent or chronic course, causing individuals substantial 
suffering. This is also true for levels of anxiety under the diagnostic threshold. In this 
line, Bel-Dolan et al. (25) found that children with subclinical anxiety, in comparison 
with  nonanxious, endorsed higher levels of anxiety, depression and loneliness. For this 
reason, detecting anxiety early is important, as permits to identify high-anxious 
children, to prevent anxiety or to intervene closer to onset (26, 27) . Identifying at-risk 
groups, like children with hypermobility as in the present work, helps to focus 
preventive efforts.  Consequently, the aim of this study is to obtain classes of JHS in 
children from the general population and to study the characteristics of this syndrome in 
relation to anxiety measures. We opted for a person-centered approach that groups 
individuals according to the characteristics of different features and focuses attention on 
the intra-individual structure of variables, with the advantage that the children are 
conceived as a whole rather than the sum of isolated features (28, 29). Profiles obtained 
with this methodology are well suited for addressing questions concerning group 
differences in patterns of clinical profiles. In line with the results for adult in the 
literature, we expect children pertaining to classes with high hypermobility to present 
higher anxiety symptomatology in comparison with children pertaining to classes with 
low hypermobility. Like physical therapy, which plays a central role in the management 
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of the physical symptoms of JHS (30), psychological therapy may also be required to 
deal with the emotional symptoms if also present.  
 
Materials and Methods 
Participants 
The data are part of a large-scale longitudinal study of behaviour problems in 
children from age 3, who were screened for behaviour problems and followed up 
annually until age 9 (the design procedure is detailed in (31). The two-phase design 
involved selecting a random sample of 2,283 children from the census of in-school 3-
year-old preschoolers of a city in Spain. A total of 1,341 families (58.7%) agreed to 
participate in the first phase of the study and there were no sex differences (p=.95) 
between those who agreed to participate and those who declined. Participation, 
however, was greater among high socioeconomic (SES) families than low-status 
families (p<.001). The screening for children in the second phase was carried out using 
the conduct problem scale of the Strengths and Difficulties Questionnaire (SDQ3-4) (32). 
A random sample of 30% of the children with a negative screening score and all the 
children with a positive score were invited to remain as part of the longitudinal research 
process. The second-phase sample included 622 families (10.6% of those invited 
declined to participate in the second phase). There were no differences in SDQ 
emotional problems mean scores for the children between the first and second phases of 
the design (p= 382). No differences were found on comparing participants and refusals 
by sex (p=.82) or by type of school (p=.85).  
At age 9, which corresponds to the seventh follow-up, 455 (73.2%) children 
remained in the study and all the data analysed in the present research were available for 
336 of these children (174 boys; 51.9%).  By focusing on a sample group of 9-year-
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olds, an age at which neither sex is expected to have yet reached puberty, the possible 
effect of hormones on both anxiety and JHS are controlled for (33, 34). Socioeconomic 
level was distributed as follows: 41.2% high, 46.9% mean-high/mean and 11.9% mean-
low/low. The ethnic composition of the sample is representative of the population at 
large: 93.9% of the children were Caucasian, 3.1% were Hispanic-American, 1.1% were 
oriental and 1.9% pertained to other ethnic groups. There were no statistical differences 




Joint hypermobility. Before starting the study, the examiners took a training 
course on all Beighton’s and Hospital del Mar items. Kappa values against the gold 
standard were obtained and retraining was offered if performance was poor. As 
expected, correlation between the two systems was high (near 0.9), and so the most 
reliable items together with the most feasible ones in terms of the characteristics of the 
sample to be examined, were selected. Joint hypermobility was assessed through 9 
items that included all the indicators of Beighton (1) (items 1, 2, 3, 6, 9) and some of the 
indicators of the Hospital del Mar (35) (items 4, 5, 7) that were appropriate for 9 year-
old children, plus an additional item of head rotation (item 8) (see Table 1). Head 
rotation was included not only because it is very often considered by clinical 
rheumatologists, but also  because it is increasingly examined by neurologists in relation 
to functional conditions (36). The hypermobility schedule defines the criteria to 
consider if hypermobility is present or absent for each item and shows a picture to 
illustrate the item. Evaluators scored each item through clinical maneuvers of the child’s 
joints and the right and left sides of the body were assessed for all measurements, 
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except for head and trunk. There were no differences in the distribution of the presence 
of hypermobility for the items between the left and right sides. Hypermobility was 
therefore considered as present if there was hypermobility on either of the two sides. 
The 9 items, scored dichotomously (1=present; 0=absent), were summed up to calculate 
a total score. Inter-rater agreement between each evaluator and the senior author (A.B.) 
ranged from kappa values of .65 to .94. 
The Spence Children's Anxiety Scale-Parent version (SCAS-P) (37) assesses the 
severity of anxiety symptoms following the anxiety disorder categories proposed by the 
DSM-IV. The parent version contains 38 items (0:never to 3:always) that assess six 
domains of anxiety. Although there are not defined cut-off scores for clinical anxiety, 
the author suggested that T scores above 60 as indicative of sub-clinical or elevated 
levels of anxiety (38). The 6 subscales are (between brackets number of items, ordinal 
alpha (39), cut-off score for girls/boys): separation anxiety (6 items, αo =.73, 7/7), social 
phobia (6 items, αo =.79, 7/7), obsessive compulsive disorder (6 items, αo =.83, 3/3), 
panic/agoraphobia (9 items, αo =.88, 2/2), physical injury fears (5 items, αo =.66, 6/5) 
and generalized anxiety (6 items, αo =.78, 5/5). A total score indicates the severity of the 
anxiety symptomatology (38 items, αo =.92, 28/26). Raw scores are obtained summing 
the answers to the items. 
 
Procedure 
The longitudinal project was approved by the ethics review committee of the 
authors’ institution (Ethics Committee for Human and Animal Experimentation). 
Informed written consent was obtained from the parents of the children participating in 
the study. The families were selected for participation and assessed at the schools. 
Twelve graduated psychologists were trained in hypermobility assessment, during 
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which they had to obtain good agreement (kappa > .61) (40) with the criterion 
assessment (senior author) in 12 cases to be ready to do the assessment. Each child was 
assessed individually.  
 
Statistical analysis 
First, the percentage of presence for each hypermobility item between boys and 
girls was compared through exact test for comparison of proportions. Student’s t-test 
was used for sex comparison of the total hypermobility score, the six SCAS-P 
dimensions and the total anxiety score. To improve the description of anxiety measures, 
percentiles 5 and 95 were calculated for the whole sample and separately by sex. 
Latent class analysis (LCA) was estimated to group children based on presence 
of hypermobility in the 9 items. LCAs with one to five classes were conducted using a 
robust maximum likelihood estimator (MLR). Because the multistage sampling gave 
unequal probabilities of being selected depending on the screening group, analyses were 
weighted by the inverse proportion to the probability of participants’ being selected in 
the second phase of the project. To determine the optimum number of classes, several 
goodness of fit indexes were used (see ahead) plus the best clinical interpretability. 
Proportion comparison tests between the groups finally selected were then estimated for 
each hypermobility item and Student’s t-test for the total hypermobility score. 
Comparison of quantitative anxiety measures and total hypermobility score 
between the classes obtained was done using Student’s t-test and Cohens’ d effect size. 
Cohens’ d effect size was considered small for values |d|≤0.2 , medium for |d|≈0.5 and 
large for |d|≥0.8 (41). Finally, percentage of presence for each hypermobility item and 
percentage of high anxiety for the total and the 6 subscales were compared between 
classes using chi-square test and risk ratio. 
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LCA was conducted with Mplus7.11 and the rest of the analyses were conducted 
with Stata 14. The type-I error was set at the usual .05. No correction of the alpha 
familywise error rate was applied because the exploratory nature of the work suggested 
the rate of false negatives should be minimized and Bonferroni’s or similar correction 
procedures could increase this rate (42). 
 
 Results 
Hypermobility and anxiety: Description and comparison by sex 
 
As shown in Table 2, hypermobility was present for more than half of the 
sample in 7 of the 9 items, that is, all of them except knee hyperextension (35.9%) and 
trunk (39.3%). Knee hyperflexion (81.8%), fifth finger (75.6%), shoulder (74.0%) and 
patella (73.4%) were the most prevalent. The total hypermobility score showed a high 
mean value of 5.67 on a range 0-9. When comparing hypermobility between sexes, the 
only difference found was in trunk (p<.001), with girls (51.5%) being more flexible 
than boys (27.9%).  
Table 2 also presents descriptives for anxiety scores. Considering the number of 
items summed up for each scale, social phobia and separation anxiety obtained the 
highest average, while panic/agoraphobia and obsessive compulsive obtained the 
lowest. The only sex difference was in physical injury fears (p=.035), with girls 
showing higher scores. 
In the absence of statistical differences between sexes, the rest of the analyses 
were conducted for the whole sample. 
 
Latent classes of hypermobility 
Table 3 shows goodness of fit indexes for the LCA analysis carried out with one 
to five classes. The solution with two classes was selected based on better 
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interpretability and on the five abovementioned statistical criteria (43): (1) larger 
decrement in AIC (AIC2c = 3520.9 vs AIC1c = 3621.9), (2) lowest BIC (BIC2c = 
3593.0), (3) the adjusted Lo-Mendell-Rubin likelihood ratio test, which gave non-
significant p-values for 3, 4 and 5 classes solutions, suggesting that a model with one 
fewer class (2 classes) is preferable, (4) groups with more than 5% of the total sample 
(n1 = 135, 40.2% and n2 = 201, 59.8%) and (5) posterior probabilities of belonging to 
the assigned class between .84 and .94 (above 0.70, as recommended). The selected 
solution only had worse entropy (.644) than other solutions (.855 for the 4-class and 
.845 for the 5-class models). 
With the aim of characterizing the two selected groups with respect to its 
hypermobility, the comparison of the 9 items and the total score is shown at the top of 
Table 4. Group 1 scored statistically lower than group 2 in seven items and the 
difference in Trunk was almost significant (p=.055). Only the most prevalent item, knee 
hyperflexion, was endorsed similarly in the two groups (p=.761). The groups also 
differed greatly in the total hypermobility score (p<.001, d=2.29). These results allowed 
us to label groups as ‘low hypermobility’ (group 1) and ‘high hypermobility’ (group 2). 
 
Association of the hypermobility groups with anxiety 
The bottom part of Table 4 shows the comparisons for anxiety measures 
between the high and low hypermobility classes, as well as percentiles 5 and 95 in each 
class. Statistically significant differences were found for separation anxiety (p=.007), 
social phobia (p=.010), physical injury fears (p=.013) and the total score (p=.003), with 
children in the high hypermobility group being assessed as more anxious by their 
parents. The difference for generalized anxiety disorder was almost significant (p=.053). 
Effect sizes for significant comparisons were small to moderate. 
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Table 1 online shows percentages of high anxiety obtained after applying 
threshold scores to quantitative measures for the whole sample and the two 
hypermobility groups. Globally, the percentage of children in the high anxiety ranges 
from a 4.2% for obsessive compulsive to 15.5% for generalized anxiety. Comparison 
between groups revealed statistically significant differences for social phobia (p=.050) 
and physical injury fears (p=.048). All risk ratio except for generalized anxiety are 
greater than one, reflecting more clinical anxiety in high hypermobility group.  
 
Discussion 
We obtained two classes of JHS symptoms in children from the general 
population, labeled as high and low hypermobility, which showed differences in 
patterns of clinical profiles of anxiety. As reported in the literature on adults with JHS, 
children with high symptomatology of hypermobility showed more severe anxiety 
symptomatology than those with low hypermobility symptoms. The results confirm the 
heterogeneity of the presentation of JHS, a syndrome still quite unrecognized among 
professionals, which may present not only with articular and physical symptomatology 
but also with increased anxiety symptomatology. In an attempt to systematize the 
different characteristics of JHS and comorbid symptoms, Bulbena et al. (4) have 
proposed a new phenotype, the ‘neuroconnective’ phenotype, based on core JHS and 
anxiety that is surrounded by five dimensions (behavioral, psychopathology, somatic 
symptoms, somatosensory symptoms and somatic illnesses), which includes several 
features of JHS in these areas. As we have shown, the core symptoms of JHS and 
anxiety are present from childhood, so further research should be carried out along these 
lines in children, with the aim of ensuring appropriate diagnosis and interventions. 
Although JHS often goes unnoticed and is considered, in most cases, a common benign 
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disorder, the features of the different areas involved may cause affected individuals 
significant difficulties. This impairment is especially relevant in children, who are in a 
fast-developing stage. JHS symptomatology may affect individuals through the 
psychological symptoms of anxiety, altering sleep patterns and self-esteem, reducing 
school performance and social and leisure activities, and possibly impacting on 
domestic life (30). Consequently, professionals should consider screening for anxiety 
symptomatology when treating high hypermobility. 
There is evidence that the number of individuals identified with JHS is 
dependent on the criteria used to define JHS and the established cut-off (13, 17). 
Current criteria also need to prove their reliability and validity (44) and there is debate 
about their adequacy for pediatric populations (15, 45). A person-centered approach 
could allow us to overcome this drawback by identifying subgroups of children 
according to their similar hypermobility characteristics within groups and the 
differences between groups, in contrast to a variable-centered approach, which focuses 
on the description of the association between variables across individuals.  
Hypermobility is common in childhood and tends to decline with age (13). The 
highest range of mobility was found in knee hyperflexion, the fifth finger, the shoulder 
and the patella. These frequencies are near to the results of Ohman (13) for a sample of 
a similar age to ours (5- o 8-year-old prepubertal children).  Almost 40% 60% of the 
children in the sample pertained to the high hypermobility class, indicating a high 
prevalence of hypermobility characteristics in 9 year-olds, which is in line with other 
reports (14). The musculoskeletal system is still developing in children and high 
hypermobility is expected until the stabilization of joint collagen with aging (46). As in 
other studies, there were no sex differences in hypermobility (12, 15). 
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 This is the first study about the association of hypermobility and anxiety in 
children. The recruitment of a wide sample of the general population, the use of 
different reporters (clinicians observing the child and parents) and an analytical 
approach through a person-centered methodology are the strengths of the study. The 
results, however, should be interpreted considering some limitations. First, we did not 
use previously established criteria, but a selection of the hypermobility symptoms 
included in known criteria mostly reported in children to decide how they group 
empirically. Second, the internal consistency of parents’ reports of physical injury fears 
scores was low, and this may compromise the interpretation of this result. Third, low 
SES families were the most reticent to participate in the study. However, we tested if 
there were any differences in anxiety and hypermobility by SES and found none. 
Fourth, due to the time spent with the children at schools being limited, we could not 
collect self-reports of anxiety. Fifth, there was no ongoing hypermobility assessment 
training to maintain quality assurance. However, the assessment was carried out in a 
relatively short period of time in a continuous manner and assessors were helped by 
pictures on the registration form of each child’s evaluation.  
 The main finding of the study is to show that there is association between 
hypermobility and anxiety in children. This result has several clinical implications. 
Hypermobility and anxiety are both rooted in ‘normality’ and as such are characteristics 
that may be present to some extent in the population, so the first implication would be 
the diagnostic identification. The sample in this study was from the general population 
where absence of pathology was expected, which may explain the low effect sizes 
found. Even though there are statistically significant differences between the high/low 
LCA-Hypermobility groups on some of the anxiety measures, the mean in the high 
group is in the normal range for all of the anxiety scores. When anxiety is dichotomized, 
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between a 5.2% (obsessive compulsive) and a 18.5% (social phobia) of the children in 
the high hypermobility group showed elevated level of anxiety that would require 
further diagnostic examination. Literature has shown that children and adolescents with 
subclinical anxiety show greater individual and family psychopathology, increased risk 
for functional impairment (25, 47). Therefore, the results are informative and potentially 
relevant for clinicians. The results of the study suggest the need to screen for levels of 
anxiety among children high in JHS. If left undetected and untreated, anxiety may 
continue into adulthood and impair the daily functioning of the individual (48).  The 
second implication would be to provide treatment if needed. One of the goals of the new 
neuroconnective phenotype proposal (JHS plus anxiety) mentioned above is for patients 
to receive comprehensive treatment. If anxiety levels are high, cognitive-behavior 
therapy (CBT) may be indicated alongside physical treatment. CBT is the election 
treatment for anxiety in children: some 60% of children recover following treatment 
(49). In adults with JHS plus anxiety, interventions involving the body, such as 
relaxation, postural techniques, aerobic exercise or strengthening, have also proved 
promising (8). Future research should test the efficacy of these approaches in children.  





We would like to thank the participating schools and families.  




1. Beighton P, Grahame R, Bird H. Hypermobility of joints. 3rd ed. London: 
Springer-Verlag; 1999. 
2. Grahame R. Hypermobility syndrome. In: Kipplel JH, Dieppe PA, eds. 
Rheumatology (Oxford). II. 2nd ed. London: Mosby; 1997: 1-6. 
3. Malfait F, Francomano C, Byers P, et al. The 2017 International Classification 
of the Ehlers-Danlos Syndromes. Am J Med Genet C Semin Med Genet. 2017;175:8-26. 
4. Bulbena A, Pailhez G, Bulbena-Cabre A, et al. Joint hypermobility, anxiety and 
psychosomatics: Two and a half decades of progress toward a new phenotype. Adv 
Psychosom Med. 2015;34:143-157. 
5. Garcia-Campayo J, Asso E, Alda M. Joint hypermobility and anxiety: The state 
of the art. Curr Psychiatry Rep. 2011;13:18–25. 
6. Sanches SHB, Osorio FdL, Udina M, et al. Anxiety and joint hypermobility 
association: A systematic review. Rev Bras Psiquiatr. 2012;34:S53-S68. 
7. Smith TO, Easton V, Bacon H, et al. The relationship between benign joint 
hypermobility syndrome and psychological distress: a systematic review and meta-
analysis. Rheumatology (Oxford). 2014;53:114-122. 
8. Bulbena A. Ansiedad [Anxiety]. Barcelona: Tibidabo ediciones; 2016. 
9. Bulbena A, Baeza-Velasco C, Bulbena-Cabré A, et al. Psychiatric and 
psychological aspects in the Ehlers-Danlos syndromes. Am J Med Genet C Semin Med 
Genet. 2017;175:237-245. 
10. Mallorqui-Bague N, Garfinkel SN, Engels M, et al. Neuroimaging and 
psychophysiological investigation of the link between anxiety, enhanced affective 
reactivity and interoception in people with joint hypermobility. Front Psychol. 
2014;5:1162. 
                               Joint hypermobility and anxiety in children  18 
 
 
11. Bulbena A, Pailhez G, Gago J. "Connective tissue" between panic disorder and 
dysautonomia. Am J Med. 2004;116:783-784. 
12. Hasija RP, Khubchandani RP, Shenoi S. Joint hypermobility in Indian children. 
Clin Exp Rheumatol. 2008;26:146-150. 
13. Ohman A, Westblom C, Henriksson M. Hypermobility among school children 
aged five to eight years: the Hospital del Mar criteria gives higher prevalence for 
hypermobility than the Beighton score. Clin Exp Rheumatol. 2014;32:285-290. 
14. Neves JCdJ, Cibinello FU, Vitor LGV, et al. Prevalência de hipermobilidade 
articular em crianças pré-escolares. Fis Pesquisa. 2013;20:158-164. 
15. Romeo DM, Lucibello S, Musto E, et al. Assessing joint hypermobility in 
preschool-aged children. J Pediatr. 2016;176:162-166. 
16. Clinch J, Deere K, Sayers A, et al. Epidemiology of generalized joint laxity 
(hypermobility) in fourteen-year-old children from the UK. A population-based 
evaluation. Arthritis Rheum. 2011;63:2819-2827. 
17. Gocentas A, Jascaniniene N, Pasek M, et al. Prevalence of generalised joint 
hypermobility in school-aged children from east-central European region. Folia 
Morphol (Praha). 2016;75:48-52. 
18. Yazgan P, Geyikli I, Zeyrek D, et al. Is joint hypermobility important in 
prepubertal children? Rheumatol Int. 2008;28:445-451. 
19. Holick MF, Hossein-Nezhad A, Tabatabaei F. Multiple fractures in infants who 
have Ehlers-Danlos/hypermobility syndrome and or vitamin D deficiency: A case series 
of 72 infants whose parents were accused of child abuse and neglect. 
Dermatoendocrinol. 2017;9: e1279768. 
20. Pacey V, Tofts L, Adams RD, et al. Quality of life prediction in children with 
joint hypermobility syndrome. J Paediatr Child Health. 2015;51:689-695. 
                               Joint hypermobility and anxiety in children  19 
 
 
21. Merikangas KR, Nakamura EF, Kessler RC. Epidemiology of mental disorders 
in children and adolescents. Dialogues Clin Neurosci. 2009;11:7-20. 
22. Beesdo-Baum K, Knappe S. Developmental epidemiology of anxiety disorders. 
Child Adolesc Psychiatr Clin N Am. 2012;21:457-478. 
23. Canals J, Hernandez-Martinez C, Cosi S, et al. Epidemiology of anxiety 
disorders in a Spanish school population. Eur Child Adolesc Psychiatry. 2011;20:S137. 
24. Aláez N, Martinez-Arias R, Rodríguez-Sutil C. Prevalencia de trastornos 
psicológicos en niños y adolescentes, su relación con la edad y el género [Prevalence of 
psychological disorder in children and adolescents. Relationships with age and gender]. 
Psicothema. 2000;12:525-532. 
25. Bell-Dolan DJ, Last CG, Strauss CC. Symptoms of anxiety disorders in normal 
children. J Am Acad Child Adolesc Psychiatry. 1990;29:759-765. 
26. Simon E, Bogels SM. Screening for anxiety disorders in children. Eur Child 
Adolesc Psychiatry. 2009;18:625-634. 
27. Dadds MR, Spence SH, Holland DE, et al. Prevention and early intervention for 
anxiety disorders: A controlled trial. J Consult Clin Psychol. 1997;65:627-635. 
28. von Eye A, Bergman LR. Research strategies in developmental 
psychopathology: Dimensional identity and the person-oriented approach. Dev 
Psychopathol. 2003;15:553–580. 
29. West SG, Ryu E, Kwok OM, et al. Multilevel modeling: Current and future 
applications in personality research. J Pers Soc Psychol. 2011;79:2–50. 
30. Engelbert RHH, Juul-Kristensen B, Pacey V, et al. The evidence-based rationale 
for physical therapy treatment of children, adolescents, and adults diagnosed with Joint 
Hypermobility Syndrome/Hypermobile Ehlers Danlos Syndrome. Am J Med Genet C 
Semin Med Genet. 2017;175:158-167. 
                               Joint hypermobility and anxiety in children  20 
 
 
31. Ezpeleta L, de la Osa N, Doménech JM. Prevalence of DSM-IV disorders, 
comorbidity and impairment in 3-year-old Spanish preschoolers. Soc Psychiatry 
Psychiatr Epidemiol. 2014;49:145-155. 
32. Goodman R. The Strengths and Difficulties Questionnaire: A research note. J 
Child Psychol Psychiatry. 1997;38:581-586  
33. Denko CW, Boja B. Growth hormone, insulin, and insulin-like growth factor-1 
in hypermobility syndrome. J Rheumatol. 2001;28:1666-1669. 
34. Reardon LE, Leen-Feldner EW, Hayward C. A critical review of the empirical 
literature on the relation between anxiety and puberty. Clin Psychol Rev. 2009;29:1-23. 
35. Bulbena A, Duró JC, Porta M, et al. Clinical assessment of hypermobility of 
joints: Assembling criteria. J Rheumatol. 1992;19:115-122. 
36. Horn D, Galli S, Berney A, et al. Testing head rotation and flexion is useful in 
functional limb weakness. Mov Disord Clin Pract. 2017;4:597-602. 
37. Spence SH. A measure of anxiety symptoms among children. Behav Res Ther. 
1998;36:545-566. 
38. Spence SH. Spence Children's Anxiety Scale  [Available 
from: https://www.scaswebsite.com/index.php?p=1_69. 
39. Zumbo BD, Gadermann AM, Zeisser C. Ordinal versions of coefficients alpha 
and theta for Likert rating scales. J Mod Appl Stat Methods. 2007;6:21–29. 
40. Byrt T. How good is that agreement? Epidemiology. 1996;7:561. 
41. Kelley K, Preacher KJ. On effect size. Psychol Methods. 2012;17:137–152. 
42. Armstrong RA. When to use the Bonferroni correction. Ophthalmic Physiol Opt. 
2014;34:502–8. 
43. Nagin DS. Group-based modeling of development Cambridge: Harvard 
University Press; 2005. 
                               Joint hypermobility and anxiety in children  21 
 
 
44. Juul-Kristensen B, Schmedling K, Rombaut L, et al. Measurement properties of 
clinical assessment methods for classifying generalized joint hypermobility-A 
systematic review. Am J Med Genet C Semin Med Genet. 2017;175:116-147. 
45. Murray KJ. Hypermobility disorders in children and adolescents. Best Pract Res 
Clin Rheumatol. 2006;20:329-351. 
46. Bird HA. Joint hypermobility in children. Rheumatology (Oxford). 2005;44:703-
704. 
47. Balazs J, Miklosi M, Kereszteny A, et al. Adolescent subthreshold-depression 
and anxiety: psychopathology, functional impairment and increased suicide risk. J Child 
Psychol Psychiatry. 2013;54:670-677. 
48. Pine DS, Cohen P, Gurley D, et al. The risk for early-adulthood anxiety and 
depressive disorders in adolescents with anxiety and depressive disorders. Arch Gen 
Psychiatry. 1998;55:56–64. 
49. James AC, James G, Cowdrey FA, et al. Cognitive behavioural therapy for 
anxiety disorders in children and adolescents. Cochrane Library. 2013. 
 
  
                               Joint hypermobility and anxiety in children  22 
 
 
List of figure captions 
Table 1.  
Hypermobility criteria in the study 
Table 2.  
Description of items of hypermobility and anxiety symptoms and comparison by sex 
Table 3. 
Latent Class Analysis solutions from 9 hypermobility items 
Table 4.  




Table 1 online.  
 
Comparison of high anxiety percentages between low/high LCA-Hypermobility groups 
Figure 1.  
 
Design of the Study 
 




Hypermobility criteria in the study 
1. Passive dorsiflexion of the little fingers beyond 90° (one point if any hand)1 
2. Passive apposition of the thumbs to the flexor aspects of the forearm (one point if any hand)1 
3. Hyperextension of the elbows beyond 10° (one point if any elbow)1 
4. External rotation of the shoulder up to more than 85° (one point if any shoulder) 2 
5. Hypermobility of the patella (one point if any patella) 2 
6. Hyperextension of the knee beyond 10° (one point if any knee)1 
7. Hyperflexion of the knee allows to touch heel and buttock (one point if any knee)2 
 
8. Head rotation beyond 90º (one point if towards any side) 
9. Forward flexion of the trunk with knees fully extended so that the palms of the hands rest flat on the 
floor (one point)1 
1 Beighton criteria 2 Hospital del Mar criteria 
 
  









(N = 336) 
Girls 
(n = 162) 
Boys 
(n = 174) 
Sex comparison 
p 
Hypermobility - % of presence 
  Fifth finger 75.6 73.5 77.5 .395 
  Thumb forearm 59.1 57.9 60.2 .665 
  Elbow 59.6 58.2 60.8 .621 
  Shoulder 74.0 76.9 71.3 .244 
  Patella 73.4 74.3 72.6 .722 
  Knee hyperextension 35.9 37.4 34.5 .592 
  Knee hyperflexion 81.8 83.6 80.2 .428 
  Head 68.4 70.5 66.4 .417 
  Trunk 39.3 51.5 27.9 <.001 
  Total Score – mean (SD) 5.67 (1.9) 5.84 (1.9) 5.51 (1.9) .113 
Spence Children's Anxiety Scale- Parent version – mean1 (SD) 
[Percentil 5 – Percentil 95 scores] 
  Separation anxiety  
2.78 (2.4) 
[0.0 - 7.5] 
2.89 (2.4) 
[0.0 - 7.2] 
2.68 (2.5) 
[0.0 - 8.0] 
.409 
  Social phobia 
3.91 (2.6) 
[0.0 - 9.0] 
4.17 (2.8) 
[0.0 - 9.2] 
3.66 (2.5) 
[0.0 - 9.1] 
.071 
  Obsessive compulsive 
0.47 (1.2) 
[0.0 - 2.0] 
0.53 (1.1) 
[0.0 - 2.7] 
0.42 (1.3) 
[0.0 - 2.0] 
.373 
  Panic/agoraphobia 
0.45 (1.2) 
[0.0 - 3.0] 
0.44 (0.9) 
[0.0 - 3.0] 
0.46 (1.4) 
[0.0 - 2.0] 
.885 
  Physical injury fears 
2.12 (2.0) 
[0.0 - 6.0] 
2.36 (2.2) 
[0.0 - 7.0] 
1.89 (1.8) 
[0.0 - 5.7] 
.035 
  Generalized anxiety 
2.53 (2.17) 
[0.0 - 6.0] 
2.51 (2.2) 
[0.0 - 6.2] 
2.55 (2.0) 
[0.0 - 6.0] 
.845 
  Total Score 
12.24 (8.5) 
[2.0 - 29.0] 
12.88 (8.4) 
[3.0 - 31.2] 
11.65 (8.6) 
[2.0 - 26.0] 
.183 
In bold p < .05. 1 Mean raw scores  












Class: N Class: probability*  Entropy 
1c 3621.9 3656.0 - 1: 329 - - 






3c 3497.7 3607.8 .510 





























* Posterior probability of class membership 
In bold selected solution of LCA 
 
  









(n = 201) 
High 
(n = 135) 
p RR 
Hypermobility - % of presence 
  Fifth finger 63.3 93.7 <.001 1.48 
  Thumb forearm 31.6 100.0 <.001 3.16 
  Elbow 46.8 78.5 <.001 1.68 
  Shoulder 61.3 92.9 <.001 1.52 
  Patella 57.0 97.8 <.001 1.72 
  Knee hyperextension 18.9 61.2 <.001 3.24 
  Knee hyperflexion 81.3 82.6 .761 1.02 
  Head 58.3 83.4 <.001 1.43 
  Trunk 35.1 45.7 .055 1.30 
  Total Score – mean (SD) 4.54 (1.4) 7.35 (1.0) <.001 2.29 
Spence Children's Anxiety Scale - Parent version – mean1 (SD) 
[Percentil 5 – Percentil 95 scores]         |d| 
Separation anxiety 
2.48 (2.3) 
[0.0 - 7.0] 
3.22 (2.6) 




[0.0 - 9.0] 
4.35 (2.6) 




[0.0 - 2.0] 
0.49 (1.4) 




[0.0 - 2.0] 
0.58 (1.6) 
[0.0 - 3.0] 
.135 0.17 
Physical injury fears 
1.89 (1.9) 
[0.0 - 6.0] 
2.45 (2.2) 




[0.0 - 6.0] 
2.80 (2.1) 




[2.0 - 29.0] 
13.90 (9.1) 
[3.0 - 28.9] 
.003 0.33 
In bold p < .05. RR: Risk ratio; d: Cohen’s d. 1 Mean raw scores 
